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© A temperature-compensated oscillator circuit in- 
cludes an oscillation element (17) and a floating gate 
MOS variable capacitor (14) having a three-terminal 
structure comprising an injection terminal (T,), a ca- 
pacitance terminal (T c ) and a ground terminal (T G ). 
The resistance ratio of a resistor network (21,22,23) 
and a fixed resistor (24) determines a DC bias volt- 
age which is applied between the capacitance termi- 
nal (T c ) and the ground terminal (T G ) of the variable 
capacitor to effect temperature compensation. 



FIG.6(a) 
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TEMPERATURE-COMPENSATED OSCILLATOR CIRCUIT 



This invention relates to temperature-compen- 
sated oscillator circuits. 

Quartz crystal oscillators are widely used in 
various fields because of their excellent frequency 
stability. However, quartz crystal oscillators for mo- 
bile radio communication systems are required to 
have very high frequency stability, miniature size 
and low power consumption. 

The frequency stability of a quartz crystal os- 
cillator refers to frequency tolerance at room tem- 
perature and frequency stability versus ambient 
temperature. 

In a highly accurate crystal oscillator circuit, 
the following are essential: a fine frequency adjust- 
ing means using a trimmer capacitor and a 
frequency-temperature compensating means for 
improving the frequency temperature characteristic 
of a quartz crystal resonator in combination with a 
voltage dependent electric element such as a vari- 
able capacitance diode and a temperature depen- 
dent electric element such as a thermistor. A trim- 
mer capacitor, however, has drawbacks due to its 
mechanical structure, i.e. the capacitance of the 
trimmer capacitor is unstable if it is miniaturised 
and if it has a high stability it is of relatively large 
size. The realisation of a miniaturised highly ac- 
curate and stable quartz crystal oscillator circuit is, 
therefore, very difficult. 

A floating gate MOS variable capacitor was 
recently invented and has been used in quartz 
crystal oscillator circuits. In this type of capacitor, 
the capacitance can be varied electrically by inject- 
ing electrons into the floating gate, through a thin 
insulating film, and hence the capacitance is kept 
constant after ceasing injection of electrons into the 
floating gate. 

Details of this type of capacitor has been dis- 
closed in the following papers: Y. Hattori and R. 
Matsuzaki, "Application of Floating MOS Variable 
Capacitor for the Watch IC", Proceedings of 11th 
International Congress of Chronometry, P9 to 12, 
1984; and "Application of the Floating Gate MOS 
Variable Capacitor to the Quartz Crystal Oscillator", 
J.E-E., p32 to 36, December 1985. By using a 
variable capacitor of this type, a miniaturised highly 
accurate quartz crystal oscillator circuit with an 
electrical frequency adjustment capability has been 
realised. It should be noted, however, that the 
frequency temperature characteristic of the quartz 
crystal resonator itself cannot be adjusted merely 
by injecting electrons into the floating gate of this 
variable capacitor. Therefore a variable capacitance 
diode must in addition be provided to compensate 



the frequency-temperature characteristic. This re- 
sults in an increase in the number of components 
and thus increase in size of the oscillator circuit 
and production costs. 
5 The present invention seeks to provide a 

temperature-compensated oscillator circuit in which 
frequency can be adjusted electrically and 
frequency-temperature characteristics can be ad- 
justed at the same time. The present invention also 
to seeks to provide a very small size, high precision 
oscillator circuit. The present invention contributes 
to today's increasingly sophisticated needs for a 
reference signal source in diverse fields, such as 
mobile radio communication equipment. 
is According to one aspect of the present inven- 

tion there is provided a temperature-compensated 
oscillator circuit including an oscillation element 
and a floating gate MOS variable capacitor having 
a three-terminal structure comprising an injection 
20 terminal, a capacitance terminal and a ground ter- 
minal characterised by supply means for supplying 
a DC bias voltage between said capacitance termi- 
nal and said ground terminal. 

According to another aspect of the present 
25 invention there is provided a temperature-compen- 
sated oscillator circuit comprising an oscillation ele- 
ment, and a floating gate MOS variable capacitor 
connected to the gate side of an inverter, said 
variable capacitor having three terminals compris- 
30 ing an injection terminal, a capacitance terminal 
and a ground terminal characterised by means for 
supplying a direct bias voltage between said ca- 
pacitance terminal and said ground terminal, the 
oscillation frequency being temperature-compen- 
35 sated by applying a divided voltage determined by 
a resistance ratio of a resistance network and a 
fixed resistor between said capacitance and ground 
terminals. 

Said resistance network may comprise a ther- 
40 mistor and fixed resistors. Alternatively said resis- 
tance network may comprise a fixed resistor con- 
nected in .series with a thermistor connected in 
parallel to a fixed resistor. As an alternative said 
resistance network may comprise a fixed resistor 
45 connected in parallel to a thermistor connected in 
series with a fixed resistor. 

In another embodiment said oscillation element 
is connected through a resistor to said resistor 
network and the fixed resistor, 
so In another embodiment the temperature-com- 

pensated oscillator circuit is provided with a con- 
stant voltage circuit for providing a driving voltage 
to the oscillation element. 
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Preferably said variable capacitor has a floating 
electrode on the surface of a semiconductor sub- 
strate or controlling the capacitance of the variable 
capacitor. 

According to another aspect of the present 5 
invention there is provided a A temperature-com- 
pensated oscillator circuit characterised by com- 
prising: a temperature-voltage converter, for con- 
verting environmental temperature; an A/D convert- 
er for converting an analog output signal of the 70 
temperature-voltage converter into a digital signal; 
computer means for calculating the amount of fre- 
quency compensation by determining a value of 
DC bias voltage to be applied to a floating gate 
MOS variable capacitor and generating digital sig- is 
nals corresponding to the bias voltage; and a D/A 
converter for converting the digital signal from the 
computer means to a direct bias voltage to be 
applied to the variable capacitor. This temperature- 
compensated oscillator circuit may be provided 20 
with a constant voltage circuit for operating the D/A 
converter. 

The invention is illustrated, merely by way of 
example, in the accompanying drawings, in which:- 

Rgure 1 shows a block diagram of a 25 
temperature-compensated oscillator circuit accord- 
ing to the present invention; 

Figure 2 shows a schematic sectional view 
of a floating gate MOS variable capacitor; 

Figure 3(a) shows an equivalent electric cir- 30 
cuit of the variable capacitor of Figure 2; 

Figure 3(b) shows schematically the relation 
between injection voltage and capacitance of the 
variable capacitor of Figure 2; 

Figure 4(a) shows the quartz crystal oscilla- 35 
tor circuit with a variable capacitor which is used . 
only for adjustment of oscillation frequency; 

Figure 4(b) shows the effect of frequency 
adjustment to satisfy the requirement of frequency 
stability of an oscillator circuit with temperature 40 
change; 

Figure 5(a) is a schematic view of a 
temperature-compensated oscillator circuit accord- 
ing to the present invention; 

Figure 5(b) shows the relation between fre- as 
quency change of the oscillator circuit and bias 
voltage applied to a variable capacitor of the os- 
cillator circuit of Figure 5(a); 

Figure 6(a) shows one embodiment of a 
temperature-compensated oscillator circuit accord- so 
ing to the present invention; 

Figures 6(b) to 6(d) are diagrams for explain- 
ing the mechanism of frequency-temperature com- 
pensation in a temperature-compensated oscillator 
circuit according to the present invention; 55 



Figure 7 shows graphically the frequency- 
temperature characteristic of a non-temperature- 
compensated oscillator circuit and of a 
temperature-compensated oscillator circuit; 

Figure 8(a) shows another embodiment of a 
temperature-compensated oscillator circuit accord- 
ing to the present invention in which a thermistor- 
resistor network is driven by a constant voltage 
circuit; 

Figure 8(b) shows the voltage regulation 
characteristic of the constant voltage circuit of Fig- 
ure 8(a); 

Figures 9 and 10 show further embodiments 
of temperature-controlled oscillator circuits accord- 
ing to the present invention, in which thermistor- 
resistor networks are simplified for miniaturisation; 

Figure 11 shows another embodiment of a 
temperature-compensated oscillator circuit accord- 
ing to the present invention in which a thermistor- 
resistor network is made more complex for op- 
timisation of temperature-compensation; and 

Rgures 12 and 13 show yet further embodi- 
ments of temperature-compensated oscillator cir- 
cuits according to the present invention in which 
bias voltage applied to a variable capacitor is con- 
trolled with a microcomputer. 

Throughout the drawings like parts have been 
designated by the same reference numerals. 

Figure 1 is a block diagram of a temperature- 
compensated oscillator circuit according to the 
present invention. The temperature-compensated 
oscillator circuit comprises a floating gate MOS 
variable capacitor 14 and a bias DC voltage supply 
100. The capacitor 14 has a three-terminal struc- 
ture comprising an injection terminal T,, a capaci- 
tance terminal T c and a ground terminal T G . The 
oscillation frequency is adjusted by applying a volt- 
age to the injection terminal T t , and is temperature- 
compnsated by automatically controlling the bias 
DC voltage between the capacitance terminal and 
the ground terminal, according to variation in am- 
bient temperature. 

Figure 2 is a sectional view showing the struc- 
ture of the floating gate MOS variable capacitor 14. 
Figure 3(a) shows an equivalent electric circuit of 
the capacitor 14. Figure 3(b) schematically shows 
the relation between the injection voltage and ca- 
pacitance of the variable capacitor. 

An N-substrate 1 of N-type silicon is formed 
with lowly doped P-wells 4,6, highly doped N + - 
regions 5,9, and highly doped P + -regions 7,8. The 
N-substrate 1 is covered with a silicon dioxide thin 
film 2 in which is buried a floating electrode 3 
made of polycrystalline silicon. A ground terminal 
(T G ) 10 is connected to the back of the N-sub- 
strate 1. An injection terminal (T|) 11 is connected 
to the N + -region 5 and a capacitance terminal (T c ) 
12 is connected between the N + -region 9 and the 
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P + -region 8. The capacitance (Cp) between the 
capacitance terminal 12 and the ground terminal 10 
consists of: the capacitance (Ci) between the N + - 
region 9 and the floating electrode 3; the capaci- 
tance (C2) between the upper surface of the N- 
substrate 1 and the floating electrode 3; the capaci- 
tance (C d ) of a depletion layer formed between the 
upper surface of the N-substrate 1 and the N- 
substrate 1; and the capacitance (C3) of a depletion 
layer formed between the P+-region 8 and the N- 
substrate 1, as shown by the equivalent circuit of 
Figure 3(a). The gap between the surface of the 
N+-type region 4 and the floating electrode 3 is 
mairrtaing at about 100A. Electrons are ejected 
through tunnel current channels in the thin oxide 
film from the floating electrode 3, if a positive 
voltage is applied between the injection terminal 1 1 
and the ground terminal 10 (herinafter referred to 
as the injection voltage). On the other hand elec- 
trons are injected if a negative injection voltage is 
applied. Once injected or ejected, electrons are 
semi-permanently retained in the floating electrode 
3, even after the injection voltage is removed. 

Even if no charge is injected into the floating 
electrode 3, an electric field is generated, due to 
the difference in work function between the silicon 
and the oxide film, between the floating electrode 3 
and the upper surface of the n-substrate 1 so that 
the depletion layer capacitance (C d ) takes a certain 
value. At this time, the total capacitance of the 
capacitor takes a value Co (as shown in Figure 3(b)- 
). As electrons are ejected from the floating elec- 
trode, the depletion layer to be formed below the 
floating electrode narrows until it disappears. As a 
result, the total capacitance is determined by Ci, G> 
and C3 to approach the maximum C max (as shown in 
Figure 3(b)). If electrons are injected into the float- 
ing electrode 3, on the other hand, the positive 
charge gathers in the upper surface of the N- 
substrate 1 so that the depletion layer spreads to 
reduce the capacitance C d . Since before long the 
positive charge gathers all over the surface of the 
N-substrate 1, the capacitance C d will not vary 
further even if more electrons are injected into the 
floating electrode 3. As a result, the total capaci- 
tance C p approaches the minimum C mln ( as shown 
in Figure 3(b)). Here, in order to inject the electrons 
through the thin film 2, an electric field is required 
to have a constant intensity or more. This leaves a 
range (from Vth ( + ) to Vth (-) of Figure 3(b)), in 
which the total capacitance is invariable even if the 
injection voltage is varied. 

Figure 4(a) shows an oscillation circuit having 
the variable capacitor of Rgure 2 which is used 
only for frequency adjustment. The oscillator circuit 
has an inverter 13, the floating gate MOS variable 
capacitor 14. an output side load capacitor 15, a 
feedback resistor 16 and a quartz crystal oscillation 



element 17. To adjust the oscillation frequency, the 
capacitor 14 is, for instance, connected to the gate 
side of the inverter 13. The ground terminal T G is 
connected to a positive side of a power source to 

5 provide a power supply voltage V DD and the ca- 
pacitance terminal T c is connected to the gate of 
the inverter 13. 

An injection voltage V p is applied between the 
injection terminal T f and the power supply voltage 

10 V OD . Since the capacitance can be made larger 
than the constant value Co, by ejected electrons as 
has been described above, the oscillation frequen- 
cy can be reduced. On the other hand, the oscilla- 
tion frequency can be increased by injecting elec- 

75 trons. 

The effect of frequency adjustment is ex- 
plained in Figure 4(b). In Rgure 4(b), a hatched 
zone is one satisfying a predetermined frequency- 
temperature standard, and straight lines 41 8,420 do 
20 not satisfy that zone, but can be changed to a 
straight line 419 by changing the injection voltage 
of the variable capacitor. However, in an oscillator 
circuit having a not so excellent frequency-tem- 
perature characteristic as represented by the line 
25 419, the margin to the predetermined frequency 
temperature characteristic cannot be enlarged only 
by adjusting the frequency, but can be enlarged by 
changing the frequency-temperature characteristic 
itself. This is the reason that the frequency-tem- 
30 perature compensation is required. 

Rgure 5(a) shows a schematic circuit diagram 
to explain the principle of a temperature-compen- 
sated oscillator circuit according to the present 
invention. A DC bias voltage is applied to the 
35 capacitance terminal T c via a resistor 19. Rgure 5- 
(b) shows the relation between bias voltage V B and 
change in oscillation frequency. A capacitor 18 is 
provided for cutting off DC current and the resistor 
19 blocks any high frequency signal from the pow- 
40 er source. As shown in Rgure 3(a), the capacitance 
C3 denotes the depletion layer capcitance of the 
parastic diode formed between the capacitance ter- 
minal T c (F^-region) and the ground terminal T G - 
" (N-region) of the variable capacitor 14. The capaci- 
45 tance C3 can be changed by varying the bias 
voltage V B applied between the capacitance termi- 
nal Tcand the ground terminal T G . In this example, 
when the bias voltage V B is raised, the depletion 
layer capacitance C3 is reduced and the oscillation 
50 frequency is increased as shown in Rgure 5(b). 

Rgure 6(a) shows one embodiment of a 
temperature-compensated oscillator circuit accord- 
ing to the present invention and Rgures 6(b) to 6- 
(d) are diagrams for explaining the operation there- 
55 of. In Rgure 6(a) a thermistor 21 has a negative 
temperature coefficient. The oscillator circuit has a 
resistor 22 for relaxing the resistance-temperature 
characteristic of the thermistor, and resistors 23,24 
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are provided for properly determining the bias volt- 
age V B together with the thermistor and the resis- 
tor 22. Reference R xdenotes the combined resis- 
tance of the thermistsor 21 and the resistors 22,23. 
As shown in Figure 6(b). the resistance of the 
thermistor 21 falls with rise of ambient temperature 
so that the combined resistance Rxdrops. At this 
time, the bias voltage V B increases with rise of 
ambient temperature, as shown in Figure 6(c). with 
reference to the power supply voltage V OD . As a 
result, the total capacitance C p of the variable 
capacitor drops, but the oscillation frequency in- 
creases, as shown by solid lines f o in Figure 6(d). 
Therefore, if the frequency-temperature character- 
istic of the quartz crystal oscillation element 17 is 
that indicated by broken line fo in Figure 6(b), the 
frequency of the output signal of an output terminal 
25 of the oscillation circuit shown in Figure 6(a) 
does not vary with variation of ambient tempera- 
ture, i.e. the oscillation frequency has been com- 
pensated. According to this embodiment of the 
present invention, as the bias voltage to the capaci- 
tance terminal of the variable capacitor automati- 
cally varies in accordance with the ambient tem- 
perature, total capacitance C p of the variable ca- 
pacitor varies, and thus oscillation frequency is 
compensated substantially independently of fre- 
quency adjustment using a single floating gate 
MOS variable capacitor. 

Figure 7 shows an example of the measured 
temperature characteristics of the oscillation fre- 
quency in the temperature-controlled oscillator cir- 
cuit of Figure 6(a). In this embodiment: R22 = 15 K 
ohms; R23 = 33 K ohms; Rat - 15 K ohms; R19 = 
47 K ohms; C15 = 15 pF; Cis = 200 pF; R16 - 5 M 
ohms; V 00 = 1 .85 V; and the quartz crystal oscilla- 
tion element 17 is a GT-cut oscillation element of 
2.1 MHz. In Figure 7. a curve 725 shows the 
temperature characteristics of the frequency of the 
oscillator circuit before temperature-compensation, 
and a curve 726 shows the temperature character- 
istics of the oscillation frequency when the 
temperature-compensation is conducted. In the 
embodiment of Figure 6(a), there is presented a 
method of temperature-compensation in the case 
where the temperature coefficient of the frequency 
of the quartz crystal oscillation element before tem- 
perature compensation is negative (that is. the fre- 
quency decreases in accordance with increase in 
temperature). When the frequency temperature co- 
efficient of the quartz crystal oscillation element 
before temperature-compensation is positive (that 
is. the frequency increases in accordance with in- 
crease in temperature), it is quite apparent from the 
description of Figure 5 that the temperature-com- 
pensation can be accomplished in similar manner 



by connecting the resistor 24 to the negative power 
supply voltage Vss and connecting the combined 
resistance R x to the power supply voltage V DD as 
shown in Figure 6(a). 
5 Figure 8 shows another embodiment of a 

temperature-compensated oscillator circuit accord- 
ing to the present invention. A constant voltage 
circuit 27 is connected between the power supply 
voltages V DD and Vssito generate a power supply 
10 voltage V DD -V ss for the oscillation circuit. Figure 
8(b) schematically shows the relation between the 
output voltage V DD - Vss and input voltage V DD - 
Vssi of the constant voltage circuit. For an input 
voltage higher than V mjn , the output voltage V DD - 
*s V ss is invariable even if the input voltage Vdq -Vssi 
varies. As a result, as shown in Figure 8(a), the 
bias voltage V B of the variable capacitor 14 remains 
constant even if the power supply voltage V DD - 
V SS1 varies, so that neither the oscillation frequency 
20 nor the frequency temperature characteristic varies. 
This is important for implementing the frequency 
temperature-compensation. 

Figures 9, 10 and 11 show further embodi- 
ments of temperature-compensated oscillator cir- 
25 cuits according to the present invention. In Figure 9 
the oscillator circuit is directly connected to the 
combined resistance R x and the fixed resistor 24. 
i.e. being not connected through the resistor 19. In 
this circuit, as temperature rises, the bias voltage 
30 of the variable capacitor 14 will increase, and os- 
cillation frequency will increase. Therefore, tem- 
perature characteristics of the quartz crystal oscilla- 
tion element 17 with a primary negative tempera- 
ture coefficient can be compensated. On the other 
35 hand, in Figure 10, temperature characteristics of 
the quartz temperature oscillation element 17 with 
a primary positive temperature coefficient can be 
compensated. Moreover, the combined resistance 
R x includes the fixed resistor 22 connected in par- 
40 allel to the thermistor 21 connected in series with a 
fixed resistor 30 as shown in Figure 1 1 . 

Further embodiments of temperature-compen- 
sated oscillator circuits according to the present 
invention are illustrated in Figures 12 and 13. As 
45 shown in Figure 12, the temperature-compensated 
oscillator circuit includes a temperature-voltage 
converter 121 for converting ambient or environ- 
mental temperature into a direct bias voltage, an 
A/D converter 122 for converting an analog output 
50 signal of the temperature-voltage converter into a 
digital signal, a microcomputer 123 which calcu- 
lates the amount of frequency compensation and 
determines a necessary value DC bias voltage to 
be applied to the variable capacitor 14 and gen- 
55 erates a digital signal corresponding to the bias 
voltage, and a D/A converter 1 24 for converting the 
digital signal generated by the microcomputer into 
an analog direct bias voltage signal to be applied 
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to the variable capacitor 14. In Figure 1 3, the 
reference numeral 125 denotes a constant-voltage 
circuit tor operating the D/A converter 1 24. The DC 
bias voltage applied to the terminal T c of the vari- 
able capacitor 14 is calculated in the microcom- 
puter based on the reference values stored in it in 
advance. 

In the above described embodiment of_ 
temperature-compensated oscillation circuits ac- 
cording to the present invention the temperature- 
compensation of oscillation frequency can be ex- 
ecuted remarkably easily by using a floating gate 
MOS variable capacitor which can have its capaci- 
tance electrically varied when electric charge is 
injected into the floating electrode and by varying 
another depletion layer capacitance of the parasitic 
diode of the variable capacitor automatically in 
accordance with ambient temperature with a 
thermistor-resistor network. Since both frequency 
adjustment and frequency temperature characteris- 
tic adjustments can be performed by a single vari- 
able capacitor without using a variable capacitance 
diode, there is achieved miniaturised high accuracy 
quartz crystal oscillator circuits which have high 
frequency accuracy and minimum change in fre- 
quency due to temperature. By stabilising the pow- 
er source voltage, moreover, it is possible to pro- 
vide an oscillator circuit which has its oscillation 
frequency and frequency temperature characteristic 
invariable even if the power supply voltage fluc- 
tuates. 



Claims 

1 . A temperature-compensated oscillator circuit 
including an oscillation element (17) and a floating 
gate MOS variable capacitor (14) having a three- 
terminal structure comprising an injection terminal 
(T|), a capacitance terminal (T c ) and a ground 
terminal (T G ) characterised by supply means (100) 
for supplying a DC bias voltage between said ca- 
pacitance terminal (T c ) and said ground terminal 
<T G ). 

2. A temperature-compensated oscillator circuit 
comprising an oscillation element (17), and a float- 
ing gate MOS variable capacitor (14) connected to 
the gate side of an inverter (13), said variable 
capacitor having three terminals comprising an in- 
jection terminal (T|), a capacitance terminal (Tc) 
and a ground terminal (T G ) characterised by means 
(100) for supplying a direct bias voltage between 
said capacitance terminal (T c ) and said ground 
terminal (Tc). the oscillation frequency being 
temperature-compensated by applying a divided 
voltage determined by a resistance ratio of a resis- 
tance network (21,22,23) and a fixed resistor (24) 
between said capacitance and ground terminals. 



3. A temperature-compensated oscillator circuit 
as claimed in claim 1 characterised in that supply 
means (100) comprises a resistor network 
(21,22,23) and a fixed resistor (24) said bias volt- 

5 age being, in operation, determined by the resis- 
tance ratio of the resistance network and the fixed 
resistor. 

4. A temperature-compensated oscillator circuit 
as claimed in claim 2 or 3 characterised in that 

70 said resistance network comprises a thermistor 
(21) and fixed resistors (22,23). 

5. A temperature-compensated oscillator circuit 
as claimed in claim 2 or 3 characterised in that 
said resistor network comprises a fixed resistor 

75 (30) connected in series with a thermistor (21) 
connected in parallel to a fixed resistor (22). 

6. A temperature-compensated oscillator circuit 
as claimed in claim 2 or 3 characterised in that 
said resistor network comprises a fixed resistor 

20 (22) connected in parallel to a thermistor (21) con- 
nected in series with a fixed resistor (23). 

7. A temperature-compensated oscillator circuit 
as claimed in claim 2 or 3 charactrised in that said 
oscillation element (17) is connected through a 

25 resistor (19) to said resistor network (21.22,23) and 
the fixed resistor (24). 

8. A temperature-compensated oscillator circuit 
as claimed in any preceding claim characterised by 
a constant voltage circuit (27) for providing a driv- 

30 ing voltage to the oscillation element (17). 

9. A temperature-compensated oscillator circuit 
as claimed in any preceding claim characterised in 
that said variable capacitor (14) has a floating elec- 
trode (13) on the surface of a semiconductor sub- 

35 strate (1) for controlling the capacitance of the 
variable capacitor. 

10. A temperature-compensated oscillator cir- 
cuit characterised by comprising: a temperature- 
voltage converter (121) for converting environmen- 

40 tai temperature; an A/D converter (122) for convert- 
ing an analog output signal of the temperature- 
voltage converter (121) into a digital signal; com- 
puter means (123) for calculating the amount of 
frequency compensation by determining a value of 

45 DC bias voltage to be applied to a floating gate 
MOS variable capacitor (14) and generating digital 
signals corresponding to the bias voltage; and a 
D/A converter (124) for converting the digital signal 
from the computer means (123) to a direct bias 

so voltage to be applied to the variable capacitor (14). 

1 1 . A temperature-compensated oscillator cir- 
cuit as claimed in claim 10 characterised by a 
constant voltage circuit (125) for operating the D/A 
converter (124). 

55 
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